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BLACK HOLES IN WOOD. 



BY A. D. HOPKINS. 



Certain characteristic, black holes in the wood of oak, poplar, 
beech, birch, etc. are of such common occurrence tliat every one 
who has had much occasion to handle these woods, is no doubt 
familiar with the defects. They usually occur in the best part of the 
w^ood either one in a place or two, or more in a row, and are always 
accompanied by discolored patches or streaks, as shown in the illus- 
trations on title page. 

This defect is so prevalent in w^hite oak and certain other oaks, 
that it is often difficult to find a tree the wood of which is entirely 
free from it. In looking over a large lot of ordinary oak lumber, one 
can scarcely find a piece which does' not shoAV one or more of the 
characteristic, black holes with their accompanying discolored streaks. 

In Yellow Po])lar (Tulip Tree or White Wood) the same 
kind of defects are found, but not so commonlv as in oak. When thev 
do occur, however, in this timber the resulting damage is far greater 
than in oak. What is locally known as "Calico Poplar," a conmion 
and serious defect in poplar lumber from certain localities is the re- 
sult of the presence of these holes. 1 have also observed the same 
trouble in beech, birch, basswood, maple and elm in this State, and 
elm and oak from Michigan. 

The Cause Heretofore Unknown. 

The real cause of this defect has, I have everv reason to be- 
lieve, been heretofore unknown, or at least nothing so iar as I can 
learn has ever been published on the subject. The general supposi- 
tion among those who are most familiar with it is that tiie holes are 
produced by worms; hence tliey are almost universally called worm 
holes. 

My earliest recollection of insect injuries to timber is that of 
these black holes in wood. 1 remember when a bov watchinu* 
the operation of riving clapboards and staves, that many of the 
pieces were thrown aside on account of "worm holes," as they were 
then called. Since I have been studying the habits of wood infest- 
ing insects, in recent years, 1 havi^ noted the })eculiar character of 
this injury, and the effect on the adjoining wood. While I was con- 
vinced that the holes were produced by a bcH'tle belonging to a class 
of insects known as timber beetles, 1 failed until recently to meet 
witli the culprit within its burrows. Hence, the specdes to blame 
for the trouble, and why the holes o(-curred so dee]) in the heart- 
wood, had until then been a mystery. The fact that some of the 
lioles were found near the heart-wood of large trees indicated that 
the species causing the trouble must have diilerent habits from any 
of the timber beetles known to me. The mystery regarding the 
cause of these peculiar black lioles, and why they occurred in the 
best part of the tree was made 2>lain enough when, on Octobei* 7, 
1893, while conducting investigations in Randolph county, West 
Virginia. I discovered the insect within its burrows in the sap-wood 
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and hind legs. In every species, diiferences are found in the struct- 
ure and inarkin;^.^ iif certain iwirts, which enable us to say that 
they arc difl'cront or distinct from any other sjieciee. 

The larfj-c H7e and jwculiar fi)rm of the antenna; of this spe- 
cies, together witli certain other distinctive chamcters, are only pos- 
BCEged by tliree known North Anicriean i^]»ccics; two others besides 
this one. Ttiis Mj>cci('S differs fi'oni thi' other two in its larger size, 
finely punctured head of the female, small tubereles on the declivity 
of the wing-covers, and in having four spines near the tip of the 
tibia of the middle and hind legs, Fig. 30, A. 

Clasiificalion. — The Columbian Timber Beetle belongs to an 
order of insects called Cokoptera. Thi.-i order includes all of the 
kinds of insects known as beetles, which have hard wing cases 
usually, extending to the tip of the alfthimen. The order is j^parat- 
ing into a lai^ number of families, ciKih family being made up of 
groups of genera having some marked characteriRticB common to all 
the species includetl. This species belongs to the family Scolyiiiia, 
which includes, in this country, nearly 200 known s|jecies, Figs. 8, 
10, 12, 14 and 26, being ebaraeteristie it'iircsentatives of the family. 
It belongs to the genus Carlhylus, which until recently contained 
but one species. The family .Tri?^ //>/«■ includes bark beetles which 
infest the bark of trees; timber beetles which inhabit the wood; 
twig beetles which breed in the terminal twigs, and root beetles 
which bore into and bi-eod in the r<iot;i of eertaiif plants. 

Habits of the Columbian Timber Beetle. 

Like most other timber beetles, this one, in excavating its gal- 
leries and brood chaml>ers (the black holes), does not extend them 
beyond the sap-wood, and from what I have observed, it would ap- 
pear that thi.= .si>eeics attacks only the healthy wood of living trees. 
Of the large number of their galleries examined during the investi- 
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^tiou, not oiiii was found near an injury tii thi; bark or wood. The 
parent beetles select the orevicpf and thinnest places in the bark, then 
i)oro through it and directly into the cap-wood for a ?hort distance. 
Then one or more branching pallmes are extended in different direc- 
tions, but usuallv to the left or right diagunaliv iutohs the grain of 
the wood, as shown in Fig. 31. ' . 

In oak, portions of the branching g-allcries ofti^n extend al- 
most or quite pniiillol with tlie growth 
or layers of wood. There are usually 
fiiim two to thrt'O of these branch- 
ing galleriep, their angle to the 
main entrance <lepending largely 
upon the thickness of the sap-wood 
of the tree attacked. In the oak, 
the wip-woo<l is usually thin, often not 
over one inch in thickness. Under such 
condition?, the gallcrie.« are like those 
shown in Fig. 31. When the sap-wood 
is thick, say two or thi-ee inches, the 
insect often extends the main gallery 
directly across the growths towards the 
heart until they near the heart-wood. 
The Ijnmehes in this ease are more or 

i/s"'e^T^>v"pe'^"tZ*iM'MS the main gallery, as 

»iidoh«iot«r or cross suatioi. oi sintn. showii in Fig. :V2. lu the sides ot' the 

main and braniOiiiig giillcries. sliort side chambers oceur which, in 

oak, exti'nd aw a rule sidewise 

^ IVom the main gidlery, but in 

Is heei-h, tulip, etc., they usually 

':| extend up and down, nearlv 

'\Vi paraltei wilh the gmin of the 

d wood. These side chambers 

I'] .serve as kini! of cradles, or nurs- 

ij ery eliambers in which the 

|w voung remain from the time 

H tliey hatch until they are adults. 

M It ap|jeiU-s that they are exea- 

P^ valeil by the jiarent and that a 

" ^ ' » ( single egg is deposited in each. 

showing p^Su'crb^o^X^iS^ Tlic eggs soon hatch into minute 

cur Id Wch A, beBri-wniid ; B B, BBpwQod; footless grulis, whicli evidently 

U. .UiO, side view; D. inner b«k; F.outerbark. ,.^,^,^, ^^^^^^^ the seerctionS frOUl the 

wood or the sa]) as it Hows into their chanilH'i's. 

As this iiiswt has onJv nreiitlv lii'en discovered, it has nut 
been po.-sible as yet to ascertain the lime it takes for a Imiod to de- 
velop, (jr the number of bi-oods oei-urriug in one year. Judging, 
however, fi-oiii what is known of the life history of spii-ies nearly 
related to this one, it would appear that there is niit more than one 
or at most two broods in one season. It ajipeai-s that the broods de- 
veloping in the fall remain in the brood chambers or galleries until 
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tlie f()ll()"\vin<>; spiiiiir, Avlicii tlicv ])r()(';'(Ml to niaki' new iralleriey 
eitluu* in tlie ^ralHv' Xvw ov in oth^'i's nrav l»v. 

Character of the Injury. 

It h-d^ h.'.Mi (I'niJiwtr.it'.'d \\\:\\ tli' iiH.TN iulVst only tlio sh])- 
wood, l)iit it (lo;'s not iolLow that tli ' injuri?,"? Avill not oceur in 
lieart-wood; in ta;*t, th'\v a-"' fouiid to h" most conunon in thclattcM'. 
The ni ystcrions occnrrcnc:' of ih'Sv injnri"^ near tlic licart and at 
ditirrcnt- }K)ints from tiicr>' to tlir saj>-\vo(i(] in lariiv tnu.'s wa^ charly 
explained ^vllen 1 discovered tliat a-^ the injnry is made, in the 
lu'althy p'owini;- sa])-\vo<)d, th»' annual ^I'owths or rin^^s cover over, 
and si^al ni) the entranc" to tlr.' old iiall-^'i.'S the Vv.-ar after tliev are 
made. Thns. the entrance to ,uallcri;s jnade in the sap-wood of a 
small tree, say six or ciuht inches in diam 'ler, will tlie followin.!!: 
year he c()vei"ed ovei- ])y an annual .L:r<»wth of wood. In one hun- 
dred years, it" the tree lives, KM) rim:"- will have formed over the en- 
trance. If the ti'ee attjiiiis a diameter of ; ay four or'fivt^ feet, an<l 
the annual rinus represent a •iro\vth of t'oui" or live hundred years, 
the first iniurv will occm- iu tlje }):.'a:-t-\v )od ueai' the heart of tlie 
tree. SuhsecpUMit injuries from the sajn:^ cause will he distrihuted 
through tlie wood at dilf<'rent points hetween tlie lirst injury and 
the outer sap-wood, tlie year in ^vhich { ach attack was made be- 
ing accurately recoi'ded hy tlie annua! growths ]o]'med over the orig- 
inal entrance. Fiu'. >'A. 
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V\s. 3L— 7'7//</ of Log, dhoirinr/ galUrifn mndf by the Columbian 
7'if/ibir B((ile, n'u<\ tht' i-taiits :is" Uit\ np])<aT ;it flilT rt-iit. deptfis 
ill \hv \V()((i; aNd f/ie four illsfinct pnrffi of the trunk of a tree: 
A. outer dead bark; B, Juner iiviiiii baik; C, >.ap-\\oud; D, beart- 
wo^d, 
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piece iifwiMMlshowiiiKtliisi'lini 
in a <-ci'tain imsition, flio tlcfi 
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frrowtha forming the hull, tlie 
st-ack, and the cnrlcd eonditi 
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tain. When a 
def.vt is i.laeed 
^■nihl.' somewhat 



li^ht-c 
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ml ivseni- 
haekgrunnd 
and the smoko. 1 am tnld tliat tlii^^ rosendjlaiiee tn a 
boat has long been notieeil by stave niiinufaetui-ers, and 
in fact that the defect is known in certain Inealities by 
the term "steandmats," the vnU' being tJiat if a sjilit or 
sawn stave contained nmre than two steamboats, it 
was reduced to a worthless enll.* Tiiose in Fig, :i.s, 
drawn fram apceinienw in 
our oi)lleftion arogoo'l ex- 
amples of the so-ealled 
steamboat defect in staves, 
shingles and quarter 
sawed lumlier. This \j^- 
culiar form of the defret 
possesses a feature diffi'r- 
ing from all of the other 
forms, and that is its lia- 
bility to split, or cnick at a B 
the point where the new '''= ■* Fia a?. 

*,■ If 1 Kie 38 —Sleamboale in Slaves 

growths tiave tonnod over fIe. 39— Sam* □« SimlSSaplU open, shoivinK at A. 

the Htains; thus rendering Jh^un^er"rr^OTVihe'Bf«ryTaV»gLwih''fofm^™TM 

it, m connection with the tha entrancB. 

holes a serious defect, especially in staves and shingles. The ap- 
pearance of the two surfaces when thus separated at the entrance is 
shown in Pig. 39. 

The thickened growths as they occur over the stain in yellow 
poplar, cause a raised surface under the bark for many years after the 
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Fig 40 —Entrancfi to galleries 
in Yellow Poplar; showing 
thickened growths over the en- 
trance, and the slightlv stained 



injury is made. This rais(Ml surface, with a 
distinct de})ression innnediately ahove the. 
entrance to the galleries, usually extends the 
full length of the stain that it covers; thus 
indicating the presence of the injury, until 
it is coveriMl so (Uh^j) that the raised surface 
no longer occurs. 

There is a marked difference in the 
appearand^ of the stains found in elm, 
ma])le, birch, etc.; yet at the same time 
there is somethinc: about the iniurv that is 
characteristic of the habits of the species 
that will enal)le any one with a little study 
conditionpf the wood extending to recoguize them as the work of the Coluni- 

a snort distance above the en- v ^^ 

trance. bian limber Heetle. 

The injury to the wood resulting from the attack of the bee- 
tles, consists both in the black-lined holes, and the stained condition 
of the wood resulting from the injury. Each of these alone, accord- 
ing to present inspection rules, is considered a defect in the best aaid 
medium grades of lumber. Therefore, this insect may be said to 
cause a double defect in timber. The defects thus caused are found 
to vary somewhat in character in different kinds of wood, both in 
regard to the arrangement of the groups of holes, and the extent of 
the discoloration of the wood, as ol)served in the sawed and plain 
surface of a piece of lumber. These differences are due mainly to 
the greater or less thickness of the sap-wood of the tree from which 
the lumber is taken, also to the peculiar character of the wood, and 
its susceptibility to change color on account of a disturbed or un- 
healthy condition of the sap. 

Before referring to the character of injury as appearing in dif- 
ferent kinds of wood, I will present some theories regarding the 
cause of the blackened walls of the galleries, and the accompanying 
stained condition of the wood. 

We can account for the walls of the main galleries and brood 
chambers being black, but the exact cauj^e of the staining of the 
w^ood for an equal distance above and below the injury may not be 
so easily explained. The galleries being excavated across tlie fiber 
of living sap-wood naturally results in the rupturing or separation 
of a certain number of poreM, or ducts through which the sap flows, 
thus allowing it to escape into the wound. Here it is mixed with 
the excrements of the developing brood, which, together with the 
staining qualities in the sap itself when thus escaping, have the effect 
of coloring the sides or walls of the burrows and brood chambers, in 
most cases, a deep black. Hence, the application of the name black 
holes, to distinguish them from pin-holes. 

Before attempting to give an explanation of the stained 
streaks accompanying the black holes, it will, perhaps, be of interest 
to some of our readers, who are not already familiar with the sub- 
ject, to give some facts and theories regarding the growth of trees, 
formation of wood, movement of the sap, etc. It is important to 
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liMVc soiii'' l<in»\vli(l'i" (»j" |ii" siil»iv('t. not only to I) 'tl'T undcrslnnd 
the cliarMctrr Miid i ,i r'-linu" l\';ilur.'- of ilii-. iK-culinr <l'"i't'('t, but 
timt tlic clini-ac; -r ni' i'.-."*! Iniiiri.-.- i<i woo'l iii Li^-U'Tnl nuiy hi* 1k-1- 
tfM" understood. 

Formation of Wood 

The stem or trniilx of a ti"" is tlivlil'd into four niDrc or 
l(^ss distinct [)art^, l''!Li. ■"> 1. ( omni 't'-in-j- ai ih" outside, wi' tind 
lirst the ()ut"r or t\- ■,\i\ lu-rk. SMoud, li':- i::'. r or livin.u* bark. 
Third, the sa])-\vood or r.\iii':i' woo-I. i-'-in:-;']. .h' Ii-ai-j-wood oi* ma- 
tured WO(»(l. 

The ))roe(s- of wnod To'/niM: ;'>n in oni- elinia*", durin^u: the lite 
r)t' a tree niav 1h' ])••]• 11 \- s;at-(l a~ i"<>;!M\vs: — Dni-ii'.-^- th" fii-st vear's 

• • • 

irrowth IVom the se d, a v'wj: < I'ha'k mmI woimI i> l".>rni"d around a 
pith. Between t hi' {"hi ' i !i ' 1"..\\ i";^l in anlinnn and the buds 
counnenee to enlaPLe in th;' .■)..•:!. '^. I'l.'!'-' i- a >-:i-')n of r-'.-t. Soon 
after the sa[) slari< to m >\e in lii ' >{).!:!_••. in;i' "/ial Ibi* anotlier hiyer 
of wood eonnnenees to tbrni l)-i\V(.'-i the 'oark asid th<' outer portion 
of th(^ wood forne (1 ilr' or -vion^ yia'". The iii'-l portion of tlic now 
growth of woo(L or r:n_:' is fonnd lo h- ni'-rc jjorous and less firm 
tliau the outer poiTK/u oi'ihe rii.u' wh-eii i"(.:nj> f;;er in tlie season 
wdieu the hardeninii" oro-'.-^s iak">^ pia'v'. \l\n< eansinu- each rinii" to 
a])[)ear more or le<> di'«. iiiel. The ii.xi y .tr anotli^r layer, or rin<r 
of wood is foi'nied in th  s;:ni" ma'in r, and >o o'.i for each vear a< 
lon,u: as the ti"ee eoniiiMics lo v:r(e^v, a l-i\ -r of wo<>d an<l a layer of 
bark is ibnucMl; the hai'k h; n aih tmd .he wood ((Vcr the n'rowths of 
the i)r(-eediim- vcai'. A: lir-^.. oi' a \\■.^ v ar< aft -i* ih" first year, oiilv 
sap-wood is f()rnie(h tliivaiiih th.' ])ei'.-- ol' \\ hieh, the water or sap 
necessary for the nnti'iHon and ,Lzi'o\vin ol'all \}:\v\< of th' tree is con- 
ducted. Th(^ amount -of sap-wood in ea-b <'a-e heino- a])parc4itly in 
proportion to the amount oi Sip r;<|uire<l hy the Lii'owinu" [daut, and 
the capacity of th(^ wood Jbr condjiftin^' it. Thus, the wood of a 
rai)id]v m'owinu- vonnii" tree or raphnii- is all sa]>-woo{l and remaius s;) 
until more wood is Ibijned tlian i-^ rt(}uii-ed ibr the ])ur}K)se men- 
tioned. At this juneUire. it wonld ap|>ear that the sa]) ct^ases to 
flow throu^'h th(^ pores of som.^ of the (ii'st annual rinu's around tlie 
pith. Tbis ])ortion, heinii' no loniz:"r us:>ful to the plant in contbict- 
iug sa]"), cliau,L';(\s to a dai'k color. Jt may thv-n he ])roperly termed 
matured wood, as tie* ah^.'-nre ot" active or crude sa]) ap])ears to l)e 
tb(M-ause of its chan,ainu- to a dai'ker color. This dark or mature<l 
Avood is called beart-wood, on a"count of its lir>t ap]>earance around 
the })ith or beai't of the ti'"e. Th'.' liizht colored wood l)v'neatb tbe 
]>ark is called sa])-wood on aeconn! of its b-in^' that ])ortion of the 
wood throui>b which IIk' crude sa]) ])a>s"s to dillereiU ])arts of tbe 
tree. The inner or living" hark is jilso useful in conducting sa}) and 
in contributing to thiHbrnialion of a new gi'owth of wood, which 
takes place hc^tween it and the r)ut';r sai^woocb The outer (U^ad ])ark 
eracdvs o\)ou as th(^ tree inci'Lases in diameter, ibrming deep fissures, 
and rouali, uneven ridges, oi* tails olf in scaU^s as the outer layers are 
pusbed out hy the growth of wood and l)ark from Avithin. 
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The sap-wood of the tree ap])ears to be the most vital part of 
its structure, since the l(*aves may all be removed, as by insects, at 
least once during th(^ growing season and other leaves will form the 
same, or the following season. " In fjict, at cc^rtnin times of the year 
all of the brandies may be removed and growth will continue with 
even greater vigor. A large number of the roots may be severed, as 
in the ])roc(^ss()f trans])lanting, and the tree survive. The heart-wood 
may all decay, and the tree continue to live and grow. A narrow 
band of bark mav ]>e removed from around the trunk of certain 
kinds of trees and. new bark will, form over the wound, and the tree 
live; yet if only a narrow ])and of all of the sap-wood be removed 
from around the trunk at a short distance above the ground, it will 
soon die. It is true that certain kinds of trees mav be killed bv 
simply cutting through the bark around the trunk, but as a rule to 
kill a tree by the girdling process, either a very wide band of the 
bark must be removed, or we must cut through all of the sap-wood. 

Movement of the Sap in Trees. 

One of the -theories regarding the movement of the sap in 
trees is set forth in a general way in the following paragraph quoted 
from "Practical Forestry" bv Andrew S. F'uller : 

M 

"All plants obtain their nourishment in a liquid or gaseous form, 
by imbibition through the cells of the young roots or their fibrils. The 
fluids and gases thus absorbed, probably mingling with other previously 
assimilated matter, is carried upward from cell to cell through the 
alburnum or sap-wood until it reaches the buds, leaves, and smaller twigs, 
where it is exposed to the air and light, and converted into organizable 
matter. In this condition, a part goes to aid in the prolongation of the 
branches, enlargement of the leaves, and formation of the buds, flowers, 
and fruit, and other portions are gradually spread over the entire surface 
of the wood, extending downward to the extremeties of the roots, * * 
As the wood and leaves ripen in the autumn, the roots almost cease to im- 
bibe crude sap, and for a while the entire structure appears to part with 
moisture, and doubtless does so through the exhalations from the ripening 
leaves, buds, and smaller twigs, but as warm weather approaches and the 
temperature of the soil increases, the roots again commence to absorb crude 
sap and force it upward." 

Thv^ -upward movement of the sa}) in growing trees, it would 
seem from experiments by Sachs, McNab and Pfitzer, is at the rate 
of a few inches to several feet jxt hour. It is believed by some that 
this upward movement of the sa]) is caused both by what is termed 
root pressure and transpiration, or evaporation from the leaves. The 
following quotations are from "Botany for High Schools and Col- 
leges," by Charles E. Bessey: 

"If the root of a vigorous growing plant be cut off near the sur- 
face of the ground, and a glass tube attached to its upper end, the water 
of the root will be forced out, often to a considerable height * * 

This root pressure appears to be greatest when the evaporation from the 
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leaves is least ; in fact, if the experiment is made while transpiration is 
very active, there is always for a while a considerable absorption of water 
by the cut end of the root, due probably to the fact that the cell walls 
hadbeen to a certain exteut robbed of their water by the evaporation 
from above." 

''The flow of water (sap) from the stems and branches of certain 
trees, notably from the sugar maple, appears to be du^ to the quick alter- 
nate expansion and contraction of tlie air and other gases in the tissue 
from tlie quick changes of temperature. The water is forced out of open- 
ings in the stem when the temperature suddenly rises; when the tem- 
perature suddenly falls, as at night, there is a suction of water or air into 
the stem. When the temperature is nearly uniform, whether in \Yinter 
or summer, there is no flow of sap.'' 

SiiK-f it has l)con found that a dry hot day will cause rapid 
evaporation of moisture from a plant, whicli results in a correspond- 
ingly increased upward flow of sap, in turn resulting in a tendency 
by the roots to al>.sori)ti()n, it would appear that this tendency of the 
roots to draw th(^ sa}) back, is the result of its being taken faster 
than it can be supplied by them from the soil; couj^equently, a sud- 
den change from a dry to a moist atmosphere would probably result 
in a downward movement of the sap through the sap-wood. 

It would also appear that the downward movement in the 
sap-wood may be eausecl (as in tlu? ilow of sap from Sugar staple) by 
sudden eliauges in the temperature and conditions of the atmos- 
phere, as would occur from a hot day followed by a cool night. As 
it is not the ])ro])er place, ix^rhaps, in tliis connection to discuss at 
further length the theories regarding the movement of sap in trees, 
w(i will proceed to a discussion of the 

Causes of Stained Streaks in Wood ^ 

The stained streaks in wood resulting from injuries to the 
living sap-wood of many different kinds of trees are of especial in- 
terest, from the fact, that in them evidences are found which appear 
to confirm certain theories regarding the movement of saj) in wood. 

This stained condition of the wood mav ])()ssiblv be the re- 
suit of two eaus(\<. First; the wound occurring in the healthy wood ha8 
the effect of interru])ting the natural movement of the sap through 
that ])ortion of tlie wood affected by it. This may result in an un- 
natural, or fermented condition of the saj) in and surrounding the 
rui)tured pores, causing it to stain the cells and wood fibres with 
which it comes in conta(^t. Second; a certain amount of the black- 
(nied, or discolored Huid occurring in the wound and penetrating the 
adjoining wood, not only causes tlie black lining but may extend 
for some distance into the wood, both laterally and w^ith the grain, 
until it (M)mes in (M')ntaet with the active* or moving sap. It is then 
carried with it through the wood until all the coloring or staining 
elements an^ taken u]) by the wood lil)res and cell walls. The latter 
seems most probable from the fact, that it has been often demonstra- 
ted by exj)eriment, that coloring matter injected into the wood of 
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growing plant? will be taken up by the moving sap and conveyed 
through the pore?, tliereby staining the wood through which it 
passes. 

It is, therefore, easv to understand Avhv tlie stain extends above 
the wound and for a sliort distance on each side, since it is an ad- 
mitted and well known fact that the. sap moves both upward and 
laterally through the al])urnum, or saj)-wood; .but, if the sap moves 
only upward through the sap-wood, and the .downward movement 
occurs only in the inner bark, and l)etween this and the outer sap- 
WM)od, as we would infer from authoritative writers on botanical ques- 
tions, the downward extension of the stain would not ])e so easily 
explained. This condition of the stained streak is therefore evidence 
that the theH)ry regarding a downward movement of the sap in the 
sap-wood is not entirely without foundation; in fact, as most of 
these stained streaks extend an e(iual distance above and below the 
injury, it would indicate that. the downward movement of fluid in 
the sap-wood may. be nearly in the same proportion as the upward 
movement. 

Character of the Injury in Oak. 

The characteristic form and appearance of the galleries of the 
Columbian Timber Beetle, as excavated in oak wood, are shown in Figs. 
31, 34, 37, 38, 39, and on title -page. 

In order that the beetles may extend their galleries- the de- 
sired distance through oak wood, they must procec^d to the right or 
left, soon after they enter the first layers of wood to avoid, coming in 
contact with the heart-wood which appears to be objectionable to 
them. Thus, a portion of the branching galleries usually extends at 
right angles to the entrance, and while the brood chambers may ex- 
tend in any direction, they, as a rule, extend sidewise from the main 
and branching galleries, Fig. 31. Thus, the injuries occurring in oak, 
as observed in a piece of sawed or dressed lumber, show from two 
to eight or more holes arranged in a row directly across the grain of 
the wood. See title page. The stain accompanying them extends 
only from two to eight inches above and below the holes. The ex- 
tent of the stain streaks is usually in })roportioii to the number of 
holes. When there is only one hole, the streak will be found nar- 
row, and when a greater number occur, the stain will be broad in 
proportion. 

It will be seen by reference to Figs. 31 and 34 that the ap- 
pearance of the injuries in a piece of lumlx^r depends largely upon 
how the piece is sawed from the log. If, as in the usual manner, the 
log is first squared and all the boards cut from one side, the holes in 
the middle of all the boards except those near tlie heart will usually 
occur in rows, and will not as a rule extend through a board over 
one inch in thickness. In the edge of the l)oards, however, and in 
those from near the heart, the reverse condition will be found; that 
is, single holes extending through two or three one-inch boards. 

In what is known as quarter sawed oak, there is seldom more 
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than one or two holes in a place, but these may show on both sides 
of a ])io('e three or four inches in diameter, or in other words, single 
holes from one pill(»rv may occur in three* or four one-inch boards 
taken successively from tlie same; l()<r. The same galleries would 
show seven or eiirht lioles in a row in one or possibly bT)th sides of a 
one incli board saw(Mi in the usual manner, and the adjoining boards 
would show onlv a trace of the stain with i)ossiblv one or two shal- 
low holes. Thus, by the character and location of the holes in a 
b:)ard or piece of timber, we can usually tell what position the piece 
occupie 1 in the log. 

In stav(\'^ and shingles which are split, or riven from cuts of 
logs in the same manner as quarter sawing, one hole may extend 
through one or two staves, or through a dozen shingles taken suc- 
cessively from one ])iecc, thus rendering them nearly or quite worth- 
less; since the peculiar character and fonn of the holes make all 
attempts to plug them unsuccessful. The black holes diflfer in this 
respect from i)in holes which ,can })e successfully plugged with small 
wooden pins. 

If a living tree affected with black holes is found to be other- 
wise sound and healthv, which is usuallv the case, the stained wood 
surrounding the holes will be just as sound as that adjoining. This 
is necessarilv the case from the fact that the entrance to the holes are 
sealed up by the new .growth soon after they are vacated by the bee- 
tles. Hence they are ])rotected from outside influences which would 
otherwise cause an unsound condition of the wood. If, on the other 
hand, a tree containing the defects is unsound 'in any part, the 
stained wood is liable to be affected bv the decay more than that 
surrounding it. 

The stains are also liable to be unsound in the wood of stand- 
ing dead trees, or of logs and felled trees which have been allowed to 
lie on the ground more than one year. At least, the stains appear 
to V>e more susceptible to decay, in lumber or timber cut from such 
logs, than from logs recently cut from sound, living trees. 

1 have found that when the black hole stains occur in sound 
lumber of good quality, the stains are dark and bright, and that the 
wood thus aflected is as sound as that adjoining them. I have also 
found that when they occur in lumber from dead trees or old logs, 
the stains as a rule are light and dull. Heretofore, it has not always 
been possible to judge whether or not a j)iece of lum])er or timber 
had been cut from a dc^ad tree, old log or living tree, or whether or 
not the ])iect? is in a condition to resist decay. 

It would tlierefore appear that we have, in the stains accom- 
panying black holes, another interesting feature regarding this i)ecu- 
liar injury, and one which may be utilized to advantage, namely, 
an index to the quality of timber and lumber in which they occur. 
If it is found ui)on further observations to be the rule that the stains 
in sound wood of the best (juality are dark and bright, aild that 
those occurring in lumber of inferior quality are light and dull, the 
defects will not be without some redeeming qualities, and would be 
entitled to a distinctive name. Therefore I will here suggest Co- 
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lumbian stains as a proper term ti) distinguish the stained wood ac- 
companying the galleries of the Cohimhian Timber Beetle from 
"wind shake" stains, knot stains and discolored sap. 

Extent and Distribution of the Trouble in Oak. 

As has been previously stated, tlie defects caused by the 
presence of black holes in oak wood, are so very common that it is 
difficult to find any considerable quantity of this lumber which is en- 
tirely free from tliem. Sinc(i I have })een investigating the subject, 
I have been surprised to find how extensively wood showing these 
defects is being used by cabinet makers and carpenters. It is not 
uncommon to find from ten to twenty of the injuries in a piece of 
oak furniture. They are frequently observed in wainscoting and 
other natural wood tinislies where oak is used. They are common 
in oak flooring, joists, and s<]uare timber; in wood used in the con- 
struction of railroad trestling, bridges, etc. In a railroad trestling of 
considerable length recently examined, scarcely a piece of timlxT 
could be found that did not show more than one of the defects, and 
in some of the main ])osts nearly 100 separate groups of the holes 
were counted. Thev are also common in railroad ties, and immense 
quantities of tind)er are lost in the manufacture of staves, shingles, 
etc., on account of the holes which are exceedingly objectionable de- 
fects in material of this character. 

It appears that the timber from certain localities, and exjjos- 
ures, is affected by this trouble more than it is in others. It would 
also appear from what I have learned by inquiry, and from my own 
observation, that the difference in the amount of timber affected on 
an east and west exposure is quite marked; timber from the latter 
being often seriously injured, while that from the fornuT is almost, 
or quite free from injury; It also appears that timber in the valleys 
is affected more than that on the tops of the hills and mountains. 

In regard to the distribution of this trou])le in the United 
States, I have little means of judging. 1 have, howtwer, observed 
the defects in lumber from Michigan, wluch would indicate that the 
insect is not confined to anv restricted localitv. 

I.' c 

Estimated Losses From the Defects in Oak. 

According to the inspection rules governing the grading of hard- 
wood timber and lumber having a commercial value, the black holes 
and stains are considered defects not allowable in the higher 
priced grades. Therefore when they occur in a piece of lumber or 
timber, its value is reduced on this account at the rate of $d to $20 
per thousand feet. As a rule these defects occur in wood having no 
other defect, or in luniber which would otherwise be placed in first 
and second grades. Thus, one million feet of lumber reduced to 
lower grades (commons and cuUs) would on this a(X*ount represent 
a depreciated value of at least $10,000 below the selling price of first 
and second grades. It has been estimated by good authority that 50 
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to 7')% of tlic* White and diet-jtimt Oak, in certain localities, is more 
or less aftected with this tr()iil)le. 

The expense of handlinji', sliippin^r and niark(»ting the lower 
grade is just as nuu-h as if the nuiterial was of the hioher grade; 
therej'ore there must l)e serious loss on. account of this trouble, sus- 
tained hy some one durinjr the i)rocess from the standing timber 
until tlie linn her reaches the consumer: the greatest loss beint^ evi- 
dently sustained l)y the owners of tlu' tiniber and the manufacturers 
of tind)er ])roducts. 

Methods of Preventing Loss. 

When we come to consider methods of ])rev(4iting loss from 
the insect injuries wo liave been discussing, we are met with a num- 
ber of dilHculties not found with injuries ordinarily caused by in- 
sects. In the first ])lace, the injuries by the C^dumbian Timber 
Beetle, and especially those causing the greatest loss, were caused 
from 50 to oOO years ago; hence, it is an injury to deal with, the na- 
ture of whicli i)ermits oidy of the use of exi)ed'ient methods. There- 
fore, in order tt> avoid loss on its account, w(" must resort to methods 
of utilizing to the best advantage the affected material. 

Suggestions for the Utilization of Affected Material. 

The extent to whicli a given defect will damage or reduce the 
value of a piece of lumber depends largely upon what the piece is 
intended for, or to what use it is l)est adapted. A defect in a jnece 
of lum1)er manufactured for certain uses may reduce its value to 
that of a mill cull, wliile the same thing in a })iece intended for cer- 
tain other uses would not be considered defects even in the best 
grades, because it would not be a detriment to the manufactured article 
in which the piece is to be used. Therefore, while the black holes 
and Colund.)ian stains niay be defects in hnnber intended for one 
purpose, they may not be so in lumber intended for some other pur- 
pose, and possibly may be even desirable in material required for 
some of the many and varied articles manufactured from oak w^ood. 

Considering the subject from this standpoint, it a])pears to us 
that all of the oak timber, in which the black holes and. stains are 
the only defects, could he manuiactured into material that would 
not be depreciated in value on this account much, if any, below that 
of first ajid second grades. 

As has been demonstrated, the l.)lack holes more often occur 
in the best and soundest Avood of a tree, and the stained wood 
resulting from this injury is usually just as sound as the wood ad- 
joining it; therefore, if the same care is exercised in handling lum- 
ber afiected with black holes, as is done Avith clear lumber to prevent 
damage from blueing, etc., the Columbian stains will remain sound, 
and would not be any more of a detriment, and in many cases less 
so than clear sap. Clear sap being allowable in first and second 
gradeS; especially in material to be used for inside work and in arti- 
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eles to be varnished and painted, there is no real reason wliy black 
lioles and l)ri<rht CoUunbian stains should not, to a certain extent, 
be allowed in the better <:;radcs of lumber intended for like uses. 

If it could be clearly (k'nionstrated that the binck holes are 
not detriments to lund)er intcuided for cei'tnin uses, re(juiring best 
and hi<<h priceil <2:rades, and rules should be adopted by the hard- 
wood knnber associations, allowintr them in the best tirades of certain 
specified material, it Avould add very consideraldy to th«' income of 
owners of oak timber, an<l to the profits of tlie manufacturers of lum- 
lu-r from the same, and no one, if the lundxT was utilized for the 
purpose intended, would be the loser. As a rule, whatever adds to 
the value or sellin<i: price of a natural pnxhict, adds just so much to 
the prosj)erity of the region or state havint; a large amount of the 
same. Therefore, the (piestion of how to ])revent dei>reciation in 
value of luml)er manufactured from affect(Hl tind>er is an important 
one, worthv of careful consideration. 

If informaticm could be had, through discussions at meetings 
of lund>er associations, from ex])erts in the difi'ennit uses of oak lum- 
ber, and from consumers regarding the several kinds of articles and 
work in which such hnnlx^r could be used without detriment: then 
a list of such uses, with <limensions of the lumber suit[d)le for the 
same, could be j)ublished in a bulletin of this kind, or in tindjer 
iournals. The information srained would thus ])e available for owncTs 
of timber and manufacturers of lumber, and the aOected timber 
could be manufactured into dimensions suitable for some of the 
specified uses. 

Means of Detecting Affected Trees and Logs 

During the investigation, I have discovered some means of 
detecting trees that are affected with black holes and stains, and for 
indicating the extent of the trouble in freshly cut logs. It was found 
that the bark of trends attacked last sj)ring and sumnK^* showed dark, 
wet stains extending one to four or more inches below the hole 
in the bark where the insect entered. The.se stained s})ots can often 
be seen when the ol>server is a considerable distancH^ from the tree. 
If there are manv of them visilJe on a tree, we mav saftjlv conclude 
that the wood throUgliout is more or less aifecti'd with the trouble, 
since it appears that a givc^n tree may be the host of generation after 
generation of the beetle, and that once the tree is attacked, success- 
ive broods may continue to utilize it for the ])er})etuation of their 
species. This is not the universal rule, sinc(\ on account of tlie 
scarcitv of the insects some vears, trees i)reviouslv attacked will not 
show anv outward indications. 

There is another, and ]_)erhaps more reliable means of detect- 
ing affected timber, and that is to examine the ends of the logs di- 
rectly after they arc sawn off, when, if tlie logs are affected to any 
great extent, a number of the stained spots, (the* ends of the stain(*d 
streaks) Avill show on the freshly cut surface as in Fig. 34. If there 
are many of these, stained spots in the end of a log, it is a sure indi- 
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cation that tlu* lo^r is badly uffectod with them througlioiit. Before such 
l()<rrt reach the saw mill, liowever, the stained spots will ])e obliterated 
Idv the action ol' the weather, dirt, etc. Therefore, if such logs were 
branded, as they are cut, with some peculiar mark, it would indicate 
to the sawyer at the mill, the character of the log and the kind of 
lumber to be exj)<'cte<l from it. Tlius, trees indicating the presence 
of the defects, by the stained spots on the ])ark, could be cut into 
logs suitable for certain desired dimensions, and the branded logs 
could l)e utilized to the l>est advantage with very little additional 
expense. 

Suggestions Kegarding Proper ard Improper Uses of 

Columbian Lumber. 

The ditlcrent grades of lumber designated in inspection rules, 
are referred to l)y some distinctive name; therefore, in order to dis- 
tinguish lumber and timber having no other defects than black holes 
and Columbian stains, 1 would suggest the name Columbian, to be 
applied to a grade which would include lumber and timber of all 
kinds and dimensions, in which black holes, and bright sound stains 
are the only defects. 

It is evident that while there are certain kinds of structures 
and articles, which will properly admit of the use of Columbian lum- 
ber, there are other pur})oses for which such lumber should never b^ 
used. 

Columbian Oak should not be used in articles requiring wood 
of special strength, as in wagons, agricultural implements, and in im- 
portant timbers in buildings, bridges, trestling, etc. It should not 
be used to any great extent in structures, or articles which are to be 
exposed to the weather, unless thoroughly protected b}^ paint, or 
with other substances which would prevent the holes and stains 
from absorbing and retaining moisture. It appears, however, that if 
a piece of timber is tough and otherwise of the best quality, it nciay 
contain manv of the hol(\s and stains, and vet withstand the action 
of the weather, unprotected by paint, longer than some of the unaf- 
fected pieces, especially if the latter are of a brash and inferior qual- 
ity. In fact, I have observed certain posts in an old railway trestling 
in which the stains were perfectly sound, while in other posts they 
were in an advanced stage of decay. Thus, it will be seen that if 
the Columbian timber is to be used at all in such structures, good 
judgment should be exercised in its selection, and only those pieces 
indicating that the wood is of the best quality, and most capable of 
resisting decay, should be used. 

Oak wood containing light colored or unsound stains should 
not be used for joists, sills and like material, which are to be placed 
where the conditions will favor ''dry rot,'' nor in any important 
structure requiring strong and durable timber, or in structures, the 
wood-work of which is exposed to the weather, unless thoroughly 
painted, and even then such timber is liable to premature decay on 
account of the unsound stains beneath the surface. 
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Columbian heading, shingles, staves and like material are as a 
rule to be considered worthless culls, or at best low grade material, 
since the holes cannot be successfully j)lugged, and staves containing 
them are liable to split when bent. 

There are a great many uses requiring only second and low 
grade lumber and tim})er in Avhich Columbian lumber may be prop- 
erlv used and for which it is now ])eing('xtensivelv utilized. Ih 
truth, a large amount of otherwise tirst-class timber is annually being 
manufactured into low j>riced material suitable for such uses. 

It is not of the common uses admitting of cheap grade mate- 
rial to which I wish to call attention, but to uses rec^uii-ing high 
priced grades, which will pro})erly admit of Columbian lumber with- 
out detriment to the finished articles. 

It may be of interest to owners of timber, manufacturers of 
lumber and dealers in the same to know, that an immense amount 
of Columbian lumber is daily l^eing used in structures, and manu- 
factured articles, which are supj)osed to contain the higher priced 
grades. In order for any one to satisfy himself on this point, he has 
only to look around him a little, and will no doubt be surprised to 
find the remarkablv common occurrence of the holes and stains in 
oak furniture, natural w^ood finish and wooden structures, and that 
there*is in reality very little prejudice or objection to the so-called 
defects, expressed by purchasers and owners of finished work. In 
fact, I agree with carpenters and cabinet makers, with whom I have 
frequently discussed the subject, that the stains give a certain variety, 
and antique appearance to the wood, together with an indication of 
its genuine character and quality, which is really desirable and to be 
admired. I should not be at all surprised if in the near future there 
would be a demand for this grade of lumber on account of a freak 
of fashion in furniture and natural wood finish, which would de- 
mand the presence of some of the Columbian stains in every piece. 

Since the owners of timber suffer serious loss from the depre- 
ciation in value of their timber and lumber on account of the so- 
called defects, and since the purchasers and owners of finished ar- 
ticles manufa(;tured from wood, allow, without complaint, the exten- 
sive use of such material in expensive work, it appears that the own- 
ers of timber and the manufacturers of timber products should de- 
rive some benefit from this state of affairs, which would result in the 
enhancement of one of our important natural products. 

Character of the Injuries in Yellow Poplar. 

Oct. 12th to 13th and Dec. 30th, '93, to Jan. 1st, '94, were 
spent in a poplar lumber region in this State for the purpose of in- 
vestigating a peculiar defect locally known as ''Calico Poi)lar," wdiich 
was found to be caused bvAhis Columbian Timb.n' Boetle. In this 
wood, the stains instead of extending only a few inches above and 
below the holes, as in oak, often extend several ftet in both direc- 
tions. When the defects occur at all frtquently in a poplar tree, the 
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Tlu' saj)-wuo(l of Yellow ]^)})lHr Ix'iiig usually not over one or 
two indues thick, the liolcs tVom one set of ^Mlleries do not extend 
very Ww in anv direction; hence, do not >liow on ])otli sides of a 
plank over two inclies tiiick. 

The ^reat distance to wliieh the stains extend aijove and be- 
low the holes, is a very niarkctd characteristic in this wood, making 
it easy to jud«re if a freshly cut lo^i: is much atlected by the trouble, 
since if very many of the stains occur in a log, say IG ft. long, both 
ends will show numerous dark spots as in Fig. 34. 

Distributiou and Losses 

1 have not as v(»t been able to satisfactorily ascertain the ex- 
tent to wliich the trou])le exists in th(^ several }>oplar regions of the 
State, but from my observation, and from what I can learn, it ap- 
pears to ])e con(ine(l to ciMtain restricted locditiesand exposures. In 
such localities the depreciatcHl value of the [)roducts from the affected 
timber has been such as to cause the receipts to fall below the cost 
of production ; Ikmkm', in some cas(;s it has been found best to allow 
the timber to stand, rather than attempt to convert it into lumber. 

It would a])})ear that the d(^i)reciation in value is due more to 
prejudice than to any real detriment to the lumber. The stains 
most frc(|uently occur in the choicest {)art of the tree, and in lumber 
w^hieh would otherwise pass as (irst-cla^s. The stained portion, as a 
rule, is just as sound as the unaflected wood; yet boards afiected 
as those illustrated in the plate are reduced in value, on this account, 
from No. 1 grade to a mill cull, or at the rate of 815 to $20 per thous- 
and feet. 

Utilization of Columbian Poplar. 

Whether or not Columbian Poplar could be utilized in the 
same manner as Columbian Oak and with as pleasing effects, I wnll 
leave my readers to judge. I have had some of this Columbian 
(Calico) Poplar prepared both in stained and natural w^ood finish, 
the elfect being both interesting and attractive, and it seems to me 
that the apparently limited quantity of poplar timber, affected in this 
manner, could be utilized without having its value depreciated much 
below that of first and second grades. 

Remedies. 

The injury caused by the Columbian Timber Beetle is a 
peculiar one, differing from those ordinarily caused by destructive 
insects in so much that a remedy for the trouble, so far as benefitting 
this generation, is not to oe found in methods of destroying the in- 
sects or preventives against its attack. This is evident from the fact 
that tlie defects as observed in lumber and timber are some of them 
centuries old, and all of them occurring in heart-wood were excavated 
at least Ibrty or fifty years ago. It is also evident that if all the Col- 
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iimbian Timber Beetles were destroyed now, the present generation 
w^ould not derive much benefit from their extinction, from the fact 
tliat iniuries caused bv them this year will scarcely be out of the 
sap-wood fifty years hence. Therefore, it seems more proper that 
we should look to methods of utilizing to the l^est advantage the de- 
fective timber and lumber and to treatment of the affected wood to 
prevent premature decay. x\s we have already discussed the former 
methods. I will offer only a few suggestions regarding the treatment 
of the stains and holes, the object being to either protect them 
from catching and retaining moisture, or to counteract their detri- 
mental appearance. As a protection there is nothing, perhaps, better 
to use than linseed oil, paint, coal tar, etc., which if applied to stains 
that are not perfectly sound, will tend to preserve and protect that 
portion of the wood from unnatural moisture and premature decay. 
As a filter, there is nothing better, perhaps, than putty with which 
to fill the holes. There is one mistake with regard to the use of the 
putty, for this purpose to which I desire to call attention, and that 
is instead of staining it the color of the natural wood, or using it 
without coloring, as is the common practice, it should be colored 
to correspond with the stain surrounding the holes. 

Natural Enemies of the Beetle. 



No very accurate information regarding the natural enemies 
of this insect has yet been determined. I have found, however, 
during the investigation, that a large per cent, of the 
hundreds of galleries examined, in which broods of bee- 
tles developed last summer, were occupied by a small 
white maggot, Fig. 43, and in no case were live beetles or 
young found in the galleries thus infested. On one or 
two occasions, I found some of these maggots within the 
dead bodies of beetles, but whether or not it is a true en- 
emy of the beetle, or merely inhabits the vacated galleries 
to feed upon the escaping sap, and dead beetles, I would 
not say. 

« 

The European Bark Beetle Destroyer, "U-hich we 
have been introducing from Germany as an experiment, 
with reference to the ravages of barl^ beetles in the pine 
and spruce forests, would readily attack and devour the 
adults of the Columbian Timber Bc^etle if they met with 
Figure 43'— them. It is not proliable, however, that they would seek 

hS^m^' Trom ^'^^^' ^^^^'^^^ ^^^^ ^'^^^ ^^^^^ other deciduous trees to a suflftcient 
galleries of extent to render much benefit, since this European insect 
Thnber Beetle i^ morc inclined to feel upon the bark beetles which in- 
fa7*ed^ ^^' l^'^^l^it the pine and spruce. 

There Jire numerous other predaceious insects, however, which 
would likely attack it both in and out of its galleries, but to what 
extent these S2>ecies reduce its numbers or i)revent its increase, has 
not ])een determined. 
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Conclusion^. 

In f'onoludinf,^ this acccnint of n comnion insect injiuy to 
wood, 1 niav sav tliat the invcsti«ration has ])r()ven aniost iiiterestiiiG: 
(HH', ri'pirdiug which tlu^'c is yet much to h^arn, and much that is 
suggestive of the imj>ortaiice of a hetter knowledge of all eoninion 
things around us. In fact, one of tlie ohjects of this ])ulletin is to 
call the attention of our readers to tju^ nec(^ssitv of a more critical 
o})servation of the annoving, destructive, heneticial and invsterious 
elements of nature. 

Conunon ohjects, the nature of wliich, little if anything is 
known, mav he of no interest to the general ohservcT from the verv 
fact that they are common, and timt nothing int(n'e.<ting or pleasing 
is known ahout them, if it is a thing that causes trouhle or loss of 
time and property, it is njitural foi- [x-isons t^) fail to see anything 
pleasing or attractive, even when it is di^monstrated tliat it has some 
interesting features, hut on tlu> other hand, let it he shown that the 
object has a commercial value, and opinion will sown change. 

May not the conditions resulting from the attack of the Co- 
lumbian Timber Beetle prove to be an exam])le of this kind? The 
injuries are of such frecpient occurrence in different kinds of com- 
mon wood that th(^v are not noticed bv T)ersons who are in no wav 
affected by them. They liave heretofore been looked upon as noth- 
ing but worm holes, supposed to be attended by streaks of unsound 
wood. Dealers in timber ^)roducts, however, object to discolored 
wood and insect injuries, especially when making a i)urchase, claim- 
ing that they are all defects whi(4i must depreciate the value of the 
material. Owners and producers must dispose of such products at a 
reduced price; hence are necos-^arily prejudiced against defects, thus 
affecting the receipts from their investments. That there are numer- 
ous interesting features with reference to the Columbian Timber 
Beetle, and the conditions resulting from its breeding in living sap- 
wood is evident. That the ])resenco of the so-called defects is not 
always detrimental but on th^ contrary of economic importance is 
equally evident. Therefore, with our present knowleclge of the sub- 
ject, shall we think it im})roba])le tliat instead of being considered 
defects, they may, as seen in natural wood finish, serve as pleas- 
ing objects to draw f)ur att(*ntion to nature and her handiwork? 



1 



1* 




3 2044 102 823 465 



/ 




I, 



I 




■.Ibll - .Wi>-I 



